abdominal surgery, in comparison with 9% morbidity in nontransplant recipients. 2, 11 For appendectomy specifically, in the largest case series to date that included transplant recipients, there were only 17 appendectomies reported, and only 3 of those performed on KTR.
In this small population, the documented complication rate was surprisingly high at 24%. Additionally, these patients had a mean length of stay of 7 days, compared to a median 1 day reported recently for nontransplant patients. 3, 11 However, many transplant providers feel that morbidity, LOS, and cost might be mitigated if transplant recipients receive their surgical care at transplant centers. 14, 15 Additionally, the surgical approach for appendectomy has changed over time. Currently, laparoscopic appendectomy is the standard approach, with 76% of appendectomies performed laparoscopically as of 2010. 11 However, controversy still exists regarding the safety and appropriateness of the laparoscopic approach for transplant recipients. While a recent review discussing the role of laparoscopy in transplant recipients advocated for the broader application of laparoscopy in the KTR population, it only cited a 2-patient case series of KTR safely undergoing appendectomy. 16, 17 The lack of literature supporting the safety of laparoscopic appendectomy among KTR may be inhibiting more widespread utilization of this approach.
To investigate the differences in surgical approach, mortality, morbidity, length of stay, and cost between KTR and non-KTR undergoing appendectomy, we studied a large population of patients undergoing this procedure using the National Inpatient Sample. We also investigated the effect of receiving surgical care at a transplant center on approach and postoperative outcomes.
| ME THODS

| Study population
We studied 1336 adult KTR and 2 640 247 non-KTR undergoing appendectomy for appendicitis from January 1, 2000 to December 31, 2011. We included all patients who had International Classification of Disease, Ninth Revision (ICD-9) procedure codes for laparoscopic or open appendectomy and an ICD-9 diagnosis code for appendicitis. KTRs were distinguished from non-KTR by the presence of ICD-9 diagnosis codes consistent with prior KT. We excluded patients with ICD-9 codes indicating a history of other solid or nonsolid organ transplants (Appendix A).
| Data source
Patients were drawn from the Nationwide Inpatient Sample (NIS).
Available through the Health Care Cost and Utilization Project, the NIS contains data from approximately 7 million hospital stays yearly and is made up of a stratified sample of 20% of the nonfederal hospitals in the United States. The stratified sample is selfweighted to allow for population-based estimates. 18 Information provided in the NIS includes patient-level hospital discharge data such as patient demographics, as well as diagnostic and procedural ICD-9 codes for the index hospital admission. All study methods were approved by the Johns Hopkins Hospital Institutional Review Board. 
| Patient-level and hospital-level characteristics
| Surgical outcomes
Between-group characteristics were compared using chi-squared tests for categorical variables and t tests for continuous variables.
We defined perioperative mortality as a death during the index hospital admission. Perioperative morbidity, defined as the occurrence of intraoperative or postoperative complications during the index hospital admission, was identified by ICD-9 code and categorized into system-based groups as established in previous studies (Appendix B). 21 Multilevel (hierarchical) regression models with random intercepts for each hospital were adjusted for patient-level (sex, age, African American race, Charlson Comorbidity Index, primary insurance status, and surgical approach) and hospital-level factors (location, size, region, teaching status, and transplant center status). Complication rates were compared using hierarchical logistic regression. Length of stay was examined using hierarchical negative binomial regression. A mixed linear regression model was used to examine log-transformed costs, which were determined using the NIS cost-to-charge ratio files.
| Transplant center
We also investigated effect modification the above outcomes based on whether the appendectomy was performed at a transplant center or at a nontransplant center. To evaluate the effect of transplant center status on the relationship of KTR and the outcomes above,
we created an interaction term for KTR status with transplant center status in an approach similar to the regression models described above.
| Statistical analysis
Confidence intervals are reported as per the method of Louis and Zeger. 22 Statistical analysis was performed using Stata 14.0 (StataCorp, College Station, TX, USA). For all analyses, a 2-tailed Pvalue of <.05 was considered statistically significant.
| RE SULTS
| Study population
Of 2 641 583 appendectomies performed for appendicitis during the study period, 1336 (0.05%) were performed in KTRs. KTRs were older (46.5 vs 40.6 years, P < .001), more likely to be African American (13.6 vs 7.0%, P < .001), carried a greater comorbidity burden as reflected by a higher Charlson Comorbidity Index score (28.6% vs 4% with score ≥2, P < .001), less likely to be female (41.6 vs 47.1%, P = .07), and less likely to have private insurance (40.6 vs 60.6%, P < .001). Nearly half (49.6%) of all appendectomies performed on KTR were performed at 1 of the 222 hospitals identified as transplant centers, whereas only 13% of non-KTR had appendectomies at transplant centers ( Table 1 , Table S1 ).
| Mortality and morbidity
Among KTR, there were no in-hospital deaths following appendectomy, compared to a 0.2% incidence in non-KTR (P = .5). The crude rate of overall morbidity was 17% for KTR vs 11.6% for non-KTR (P = .003). Specifically, KTR had higher rates of wound complications (2.5% vs 0.5%, P < .001), infectious complications (4.9% vs 1.7%, P < .001), and pulmonary complications (4.3% vs 1.7%, P < .001; 
| Length of stay and cost
Median length of stay was 3 days in KTR vs 2 days in non-KTR (P < .001; Table 2 ). After adjusting for patient-level and hospital-level characteristics including operative approach, LOS was 1.31-fold longer for KTR (ratio 1.19 1.31 1.45 ; Table 3 ). The average cost for appendectomy was $9175 for KTR and $6806 for non-KTR (P < .001).
After adjusting for patient-level and hospital-level characteristics including operative approach, cost was 1.17-fold higher for KTR (ratio 1.11 1.17 1.26 ). 
| Surgical approach
| Transplant center status
When treated at transplant centers, KTR had similar morbidity to non-KTR (aOR 0.44 0.79 1.43 ). However, after adjustment, LOS was 1.37-fold longer for KTR compared to non-KTR at transplant centers (ratio 1.21 1.37 1.55 ). Additionally, after adjustment, hospital-associated cost was 1.29-fold higher for KTR than non-KTR at transplant centers (ratio 1.19 1.29 1.41 ). When treated at nontransplant centers, KTR and non-KTR had similar morbidity, LOS, and cost (Table 6 ). After controlling for patient-level and hospital-level factors, KTRs were significantly less likely to have a laparoscopic procedure at transplant centers than non-KTR (aOR 0.36 0.55 0.85 ). [27] [28] [29] We found that KTRs have a 1.3-fold longer LOS than non-KTR, with a longer median LOS for both laparoscopic appendectomy (KTR 3 days, non-KTR 2 days) and open appendectomy (KTR 4 days, non-KTR 3 days) as compared to the median 1-day LOS that
| D ISCUSS I ON
Ingraham et al 11 reported in their study of National Surgical Quality Improvement Project (NSQIP) data. This might be influenced by the use of laparoscopy. We found that the rate of use of laparoscopy was much lower in both KTR (44.8%) and non-KTR (54.6%) compared to 76% laparoscopic appendectomy from the NSQIP database. 11 Importantly, we found that complication rates for laparoscopic appendectomy were not higher than for open appendectomy in KTR, confirming the findings of small case series. 16, 17 This suggests that laparoscopic appendectomy is safe for appropriately selected KTR, and although this has been alluded to, this has not been demonstrated previously in a qualitative manner. Additionally, we report costs ranging from $6000 to 9000. A prior study of total hospital charges for appendectomy, which are higher than costs, reported a range of total charges from $20 000 to nearly $39 000. 10 While we found that KTR had significantly higher cost than non-KTR, we were limited by the nature of our study data in more granular examination of costs.
Despite the sentiment expressed in multiple opinion pieces including book chapters and editorials, there is no evidence demonstrating improved outcomes for transplant recipients at transplant centers. 14,30 Indeed, we found no difference in morbidity and mortality between KTRs treated at transplant centers and nontransplant centers; however, we did find an increase in length of stay and cost at transplant centers.
This study has a few limitations that which warrant further dis-
cussion. An important limitation is the lack of clinical granularity of NIS data. For example, the NIS does not include information on transplant laterality or history of previous KTR; therefore, we were not able to adjust for these potential confounders. Additionally, without more detailed information on the specific costs and events occurring during a hospital stay, we are unable to determine the underlying reasons for cost and length of stay differences between KTR and non-KTR, and between transplant centers and nontransplant centers. We were unable to determine whether, for example, TA B L E 6 Adjusted outcomes of kidney transplant recipients vs nontransplant patients by center type we cannot reliably assess this using the NIS, so we limited our study to operative management.
In conclusion, we report that kidney transplant recipients have similar rates of overall complications when compared to nontransplant recipients. Despite similar complication rates, appendectomy at transplant centers is associated with longer LOS and higher cost for KTR, but it is unclear what is driving this major discrepancy. Our findings suggest that, in certain KTR, appendectomy at nontransplant centers using a laparoscopic approach is safe and cost-effective.
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